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ABSTRACT 



A process used in the fabrication of a self-aligned non- 
selective thin-epi-base silicon germanium (SiO) herero- 
junction bipolar transistor (HBT) BiCMOS. The process 
involves using TEOS or Spin-On-Glass (SOG) silicon diox- 
ide eichback in the fabrication of the SiGo BiCMOS device. 
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SELF-ALIGNED NON-SEUECTIVE TfflN-EPI- 
BASE SILICON GERMANIUN (SIGE) 

HETEROJUNCTION BIPOLAR TRANSISTOR 
BICMOS PROCESS USING SIUCON 
DIOXIDE ETCHBACK 

■fhls application is a continuation of U-S- patent applic- 
tlon Scr, No. 09/340.M4. filed Jun- 25, 199°, now US. Pal. 
No, 6469,007. 

BACKGROUND OF THE INVENTION 

The present invention relates to a BICMOS process used 
in fabricating a self-aligned non-selective thin-epi-base sili- 
con germanium (SiGe), heierojuncdon bipolar transistor 
(HBT), and particularly to a SiGe HBT BiCMOS process 
using silicon dioxide etchback. 

FIELD OF THE INVENTION 

The first fabrication process used for making commercial 
chips was the bipolar process, called so because it was used 
for making bipolar transistors, however, it was limited in 
s\tc and power. Next, the chips were made Using MOS 
technology with either pMOS or nMOS. At about the same 
time the CMOS (complementary MOS) process was devel- 
oped in which pMOS and nMOS devices coexisted on ihe 
same chip. More recently, with a few extra fabrication steps, 
processes were developed to make both CMOS devices and 
optimized bipolar transistors. These are called BiCMOS 
(bipolar CMOS) processes. Such processes add flexibility to 
circuit design at a increased fabrication cost. The last few 
years have seen rapid progress in techniques for the depo- 
sition of both epitaxial layers of silicon as well as pseudo- 
morphic SiGe epitaxial layers for the bipolar transistor. Tha 
SiGe material set can provide a path to heteroj unction device 
physics and applications within the well established (CMOS 
dominated) silicon-based semiconductor industry. 

In recent years, a photoresist etchback process has been 
proposed to fabricate SiGe HBTs. There is a general need 
for alternate fabrication processes to manufacture SiGe 
HBT's More specifically, a need exists for processes, other 
than photoresist etchback processes, for removing the 
unwanted SiGe film in the field areas around the bolero- 
junction bipolar transistors. 

SUMMARY OF THE INVENTION 

The invention describes a process of making self-aligned 
Heierojunciion Bipolar Transistors (HBT). The HBT is 
made with Silicon Germanium (SiGe), becoming known as 
a SiGe HBT. The present invention describes a process of 
making the SiGe HBT which does not use photoresist 
etchback. Instead, in one embodiment of the present 
invention, a TEOS silicon dioxide etchback is used. In 
another embodiment, a Spin-On-Glass (SOG) silicon diox- 
ide etchback is used. 

A typical BiCMOS process includes a silicon bipolar 
transistor, a NMOS transistor and a PMOS transistor. In this 
case the bipolar transistor shown is a SiGe Hctcroju action 
Bipolar Transistor (HBT). The BiCMOS base has the three 
devices fabricated on a P-Substrate. Each of the devices in 
the BiCMOS base arc separated by Deep Trench Isolation, 
with each deep trench topped with a field oxide layer and a 
gate oxide layer covering the rest of the BiCMOS base. 

On top of the BiCMOS base, a plurality of polysilicon 
features are deposited. Multiple layers are next deposited 
over the structure. The multiple layers include silicon 
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dioxide, a thin protection Layer of polysilicon, another 
protection layer of silicon dioxide and a seed layer of 
polysilicon. A well is formed in the multiple layers by 
masking and etching the gate oxide, polysilicon layer, the 

5 silicon dioxide layer, the polysilicon protection layer, the 
silicon dioxide protection layer and the polysilicon seed 
layer. After etching, a non-selective thin cpi base of silicon 
germanium (SiGe) is deposited. 
In a first embodiment, a thick layer of TEOS plasma 

10 silicon dioxide is non-selecdveJy deposited on the SiGe, 
filling the well. Optionally, to. fill in the cracks and smooth 
out the upper surface of the TEOS plasma silicon dioxide, a 
layer of Spin-oq-Glass (SOG) silicon dioxide may be depos- 
ited on the TEOS plasma silicon dioxide layer and cured. In 

15 an alternate embodiment, the TEOS plasma silicon dioxide 
layer may omitted and SOG silicon dioxide is used to fill the 
well. 

The TEOS plasma silicon dioxide mdfov the SOG silicon 
dioxide layer is etched until the remaining portion fills 

20 approximately one half the well. Next, an anisotropic poly- 
silicon etch is done removing the SiGe layer outside the well 
area (i.e., from the "field area") and also the top portion^of 
the SiGe layer on the upper walls of the well. Also etched 
during this process is the polysilicon seed layer- A thin 

25 silicon nitride layer is rati -selectively deposited on the 
TEOS plasma silicon dioxide layer and the silicon dioxide 
protection layer. This silicon nitride is then etched back to 
cover only the upper walls of the welL A Buffered Oxide 
Etch (BOH) is done to remove the TBOS plasma silicon 

30 dioxide layer and the silicon dioxide protection layer. The 
well is now lined with the SiGe base layer along the bottom 
and lower porion of the walls of the well with silicon nitride 
layers al the upper wall, contiguous with the SiGe layer. 

35 Layers of silicone dioxide, silicon nitride,, a spacer layer 
of polysDicon are non -selectively deposited on the surface. 
The polysilicon spacer layer and silicon nitride layer arc 
then plasma etched back (anisotropic) until the only portion 
remaining of the layers fill the lower comers of the well. A 

4Q silicon dioxide dip etch is next, which completely removes 
the polysilicon spacer layer and silicon dioxide protection 
layer. An emitter polysilicon deposition with a N+ implant 
is deposited next and is masked and etched to create ihe 
SiGe heterojunction bipolar transistor- 

4s Other objects and advantages of the present invention will 
become apparent upon reading the following description 
taken together with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

50 FIG. 1 is a sectional view of the complete BICMOS 
process (excluding metal layers); 

FIG. 2 is a sectional view of the BICMOS process after 
well formation and isolation. 
FIG. 3 is a sectional view of the BiCMOS base of FIG. 2 
55 with multiple layers deposited on (be upper surface; 

FIG. 4 show a well etched into the multiple layers on the 
top surface of the BiCMOS base shown in FIG. 3 with 
silicon germanium (SiGe) non^elecrively deposited in the 
tt well and lop surface; 

FIG. 5 shows TEOS silicon dioxide deposited m the SiGe 
lined well of the device in FIG. 4; 

FIG- 6 shows the result of the TEOS silicon dioxide 
etchback where the remaining TEOS silicon dioxide covers 
65 the lower portion of the well; 

FIG. 7 shows the result of the anisotropic polysilicon etch 
of the device in FIG. 5; 
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FIG. 8 shows the deposition of silicon nitride on the 
device in FIG. 7 

FIG. 9 shows Che result of a silicon nitride eichback on the 
device in FIG. 6; 

FIG. 10 shows the result of a silicon dioxide dip etch of 
the device shown in FIG. 9; 

FIG. 11 snows the deposition of more multiple layers on 
the surface of the device shown in FIG. 10; 

FIG. 12 shows the result of the polysilicon plasma etch- 
back of the device in FIG. U; and 

FIG. 13 shows the emitter and base regions of the 
completed SiGe helerojunction bipolar transistor on the 
BiCMOS base- 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to the drawings and figures in which 
identical reference numerals refer to identical elements, FIG. 
1 shows a BiCMOS process sectional view 10 which 
includes a silicon germanium bipolar transistor 12, a NMOS 
iranaisior 14 and a PMOS transistor 16. The bipolar tran- 
sistor 12 shown is a SiGe Helerojunctioo Bipolar Transistor 
(HB1), The present invention discloses a proce&ft of fabri- 
cating the SiGe HBT 12. The process includes making a 
self-aligned non-selective thin-epi-ba&e SiGe HBT 12 using 
TEOS or Spin-On-Glass (SOG) silicon dioxide eichback. 

FIG. 2 shows a BiCMOS base 13 with three devices 
fabricated on a P-Substrate 11. Also shown arc two N-Buried 
Layers (NBL) 18 and a P-Buried Layer (PBL) 20 formed on 
top of the P-substrale 11. A N-Well 22 is formed on top of 
the NBL IS in the PMOS transistor area, a P-Wfell 24 iH 
formed on top of the PBL 2Q in the NMOS transistor area 
and a N+ Collector Plug 26 is formed on the NBL 18 in the 
SiGe HBT area. Each of the separate areas in the BiCMOS 
base are separated by Deep Trench Isolation 20, Each of the 
legs of the deep trench 28 are topped with a field oxide layer 
30. A gate nxlde layer 32 covers die rest of the BiCMOS 
base. The fabrication techniques of the BiCMOS base 10 are 
known in the industry and will not be disclosed in the 
present application. 

FIG- 3 shows the next step in the fabrication of the 
BiCMOS device by forming a plurality of polysilicon fea- 
tures 34, 35 and 36 on the gate oxide 32 and field oxide 30. 
This is done with polysilicon deposited, masked and etched 
on me base 10 using standard processing techniques. A layer 
of silicon dioxide 38, approximately 3000-5000 A, is depos- 
ited covering the polysilicon, gate oxide and field oxide. A 
thin protection layer of polysilicon 40, approximately 500 A, 
is deposited on the silicon dioxide layer 38. A protection 
layer of silicon dioxide 42, approximately 500 A, is depos- 
ited on the polysilicon 40. A seed layer of polysilicon 44, 
approximately 500 A, is deposited on the silicon dioxide 
layer 42. The polysilicon seed layer 44 is used lo provide a 
Silicon (SO surface for subsequent deposition of silicon 
germanium (SiGe). 

FIG. 4 illustrates the beginning steps for the formation of 
the heterajunciion bipolar transistor. A well 46 is formed by 
masking and etching the gate oxide 32, polysilicon layer 34, 
the silicon dioxide layer 38 r the polysilicon protection layer 
40, the silicon dioxide protection layer 42 and the polysili- 
con seed layer 44. The side walls are illustrated as substan- 
tially perpendicular but may also be other shapes such as 
angled or curved. The processes for etching all of these 
layers may comprise one or more steps and are known in the 
an. After etching, a non-selective thin cpi base of silicon 
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germanium (SiGe) 48 is deposited. The layer of SiGe 48 is 
approximately 500-1000 A thick. 

Referring now to FIG. 5, a thick layer of TEOS plasma 
silicon dioxide 50, approximately 10,000-15,000 A, is 

5 deposited on the SiGe 48. Tbe TEOS plasma silicon dioxide 
layer 50 fills in the well 46. To fill in the cracks and smooth 
out the upper surface, a layer of Spin-on-Glass (SOG) 52 is 
deposited on the TEOS plasma silicon dioxide layer 50 and 
cured. The thickness of the SOG layer is approximately 

l0 2000 A. In an alternate embodiment, the TEOS plasma 
silicon dioxide layer 50 may omitted and only the SOG 52 
is used to fill the well. 

Referring now to FIGS. 6-10, tbe SOG layer 52 is 
completely etched away and the TEOS plasma silicon diox- 
ide 50 layer is etched back until the remaining portion fills 
approximately one half tbe well 46 (see FIG. 6). Next, an 
anisotropic polysilicon etch is done, shown in FIG. 7, 
removing the the SiGe layer 48 outside the well area (i.e., 
from the "field area") and also the top portion of the SiGe 
layer 44 on the walls of the well 46. What is left is a SiGe 

20 base layer 54. Also etched during this process is the poly- 
silicon seed layer 44, which is completely removed. A thin 
silicon nitride layer 56, approximately 300 A, is dod- 
selec lively deposited on the TEOS plasma silicon dioxide 
layer 50 and the silicon dioxide protection layer 42. The 
silicon nitride layer 56 is used to protect the silicon dioxide 
layer 38 during etching. This silicon nitride 56 is then etched 
back to cover tbe upper wall of the well 46, as shown in FIG. 
9. A Buffered Oxide Etch (BOB) is done to remove the 
TEOS plasma silicon dioxide layer 50 and the silicon 
dioxide protection layer 42. As shown in FIG. 10, the well 
46 is now lined with the SiGe base layer 54 along the lower 
pan of the well with silicon nitride layers 56 at the upper 
wall, contiguous the SiGe layer 54. 

35 Referring to FIG. 11, the top surface is con-selectively 
covered with a deposition of a thin layer of silicon dioxide 
58, approximately 500 A thick. A layer of silicon nitride 60 
is deposited on the silicon dioxide layer 58, the silicon 
nitride layer 60 being approximately 300 A thick. Finally, a 

^ spacer layer of polysilicon 62, approximately 400Q-S000 A, 
is deposited on the silicon dioxide layer 60. The polysilicon 
spacer layer 62 and silicon nitride layer 60 are then plasma 
etched back (anisotropic) until tbe only portion of the layers 
remaining fill the lower comers 47 of the well 46. The result 

4S is shown in FIG. 12. Asilicon dioxide dip etch is next, which 
removes silicon dioxide protection layer 58. An emitter 
polysilicon deposition 64, approximately 200CMOOO A with 
a N+ implant, is deposited next and is masked and etched to 
create the SiGe heterojunction bipolar transistor, shown in 

While only certain preferred features of this invention 
have been shown by way of illustration, many changes and 
modification* will occur to those skilled in tbe art- 
Accordingly, it is to be understood that the appended claims 
JS are intended to cover all such modifications and changes as 
fall within the true spirit and scope of the invention. 

I claim: 

1. A method of fabricating a bipolar transistor, compris- 
ing: 

40 depositing silicon germanium in and outside a well; 
forming TEOS silicon dioxide such thai at least a portion 
of the silicon germanium in the well is positioned under 
TEOS silicon dioxide and at least a portion of silicon 
germanium outside the well is not positioned under 
65 TEOS silicon dioxide; and 

removing at least a portion of the silicon germanium that 
is not positioned under TEOS silicon dioxide. 
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2. The method of claim 1, wherein removing at Least a 
portion of the silicon germanium that is nol positioned under 
TE03 silicon dioxide includes 

removing the silicon germanium located outside the well. 

3. The method of claim 1, wherein removing at least a 5 
portion of the silicon germanium that is not positioned under 
TEOS silicon dioxide includes 

removing at least a portion of silicon germanium posi- 
tioned between the THOS silicon dioxide and & wall of 
the well. 10 

4. The method of claim 1, wherein removing at least a 
portion of the silicon germanium that is. not positioned under 
TEOS silicon dioxide includes performing an anisotropic 
etch. 

5. The method of claim l t wherein removing at least a 
portion of the silicon germanium that is not positioned under 
TEOS silicon dioxide is performed so as to leave silicon 
germanium adjacent to a bottom of the well and adjacent 10 
at least a portion of a wall of the well. 

6. The method of claim 1, wherein forroiqfc TEOS silicon 20 
dioxide such that at least a portion of the silicon germanium 
the well is positioned under TEOS silicon dioxide and at 
least a portion of silicon germanium outside the well is not 
positioned under TEOS silicon dioxide includes ^ 

forming the TEOS silicon dioxide such that a portion of 
the silicon germanium in the well is positioned under 
TEOS silicon dioxide and tbe silicon germanium out- 
side the well is not positioned under TEOS silicon 
dioxide. 30 

7. The method of claim 1, wherein forming TEOS silicon 
dioxide such that at least a portion of the silicon germanium 
in the well is positioned under TEOS silicon dioxide and at 
least a portion of silicon germanium outside the well is not 
positioned under TEOS silicon dioxide include* 35 

forming the TEOS silicon dioxide over the deposited 

silicon dioxide; 
forming spin-on-glass over the TEOS silicon dioxide; and 
etching the TEOS silicon dioxide and the spin-on-glass. 

8. The method of claim 1, wherein depositing silicon 40 
germanium in and outside a well includes depositing silicon 
germanium adjacent to a wall of the well. 
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9. The method of claim 8, wherein forming TEOS silicon 
dioxide such that at least a portion of the silicon germanium 
in the well is positioned under TEOS silicon dioxide and at 
least a portion of silicon germanium outside the well is not 
positioned under TEOS silicon dioxide includes 

forming TEOS silicon dioxide such ibat silicon germa- 
nium adjacent to the wall of the well is not positioned 
under the TEOS silicon dioxide. 

10. The method of claim 1, wherein removing at least a 
portion of the silicon germanium that is not positioned under 
TEO>S silicon dioxide causes TEOS silicon dioxide posi- 
tioned in the well to extend above silicon germanium in the 
welL 

11. The method of claim 1, further comprising: 
forming silicon nitride over a portion of the silicon 

germanium which is positioned adjacent to a wall of the 
well. 

12. The method of claim 11, wherein the formed silicon 
nitride is adjacent to the wall of the well. 

13. The method of claim 11, further comprising: 
removing the TEOS silicon dioxide positioned in the well 

after forming the silicon nitride. 

14. The method of claim 1, further comprising: 
removing the TEOS silicon dioxide positioned in the well 

after removing at least a portion of the silicon germa- 
nium that is not positioned under TEOS silicon dioxide. 

15. The method of claim 14, further comprising: 
forming silicon dioxide in a corner of the well over a 

portion of the silicon germanium left in the well after 
removing the TEOS silicon dioxide positioned in me 
well. 

16. The method of claim 14, further comprising: 
forming silicon nitride in a corner of the well over a 

portion oF die silicon germanium left in the well after 
removing tbe TEOS silicon dioxide positioned in the 
well. 

17. The method of claim 14, further comprising: 
forming polysilieon in a corner of the well over a portion 

of the silicon germanium left in the well after removing 
the TEOS silicon dioxide positioned in the well. 
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